Abstract: A resurgence in interest in surgical applications of high intensity focused ultrasound (HIFU) is due i n part to significant improvements in imaging modalities for targeting the delivery of ultrasound. The wide variety of potential applications under consideration necessitates a refinement of transducer design to accommodate oftenconflicting requirements. The need to deliver substantial power to a small target zone requires high focal gain to minimize collateral damage, and yet must be balanced with the need for small transducers in many procedures. In general, the choice of operating frequency, transducer aperture and focal depth, convenient acoustic coupling methods, waveform selection and amplifier characteristics must all be adjusted to best fit the application. This presentation will discuss such tradeoffs in any HIFU transducer design, and will also address particular techniques for coupling and cooling transducers that deIiver hundreds of watts of acoustic power, Transducer efficiencies of over 8570 have been routinely achieved by judicious selection of matching layers and tuning networks, while maintaining over 50°/0 relative bandwidth, for center frequencies spanning the range fim I to 10 MHz. Transducer requirements for array-based systems, motivated by clinical needs, will also be discussed. Work funded by DARPA, OVERVIEW
OVERVIEW
To support the development of surgical applications of high-intensity focused ultrasound (HIFU), a series & transducers have been designed, built, and tested. Table 1 shows the range of transducer frequencies, diameters, and final lengths that have been evaluated. In all cases, transducer bandwidth has been optimized through the use & appropriate acoustic and electric impedance matching techniques. All transducers are impedance-matched to 50 Ohms. The first NO items in Table 1 function at either the fundamental ( 1.1 MHz) or the third harmonic resonance (3.3 MHz). The second item has a central 20 mm diameter through port to facilitate ultrasound imaging, as well as to support optical targeting and alignment systems that are being evaluated.
Power conversion efficiency was measured for each transducer type. Acoustic output power was measured vs. frequency using an absorber-type radiation fome balance (Sonic Concepts). The electrical power input to the transducer was measured using a through Watt sensor (Sonic Concepts). The force balance was calibrated using an NIST-calibrated acoustic power transfer standard, and the Watt sensor was calibrated using an absorber-type RF Watt meter (HP EPM-44 IA). Power conversion efficiency was calculated as the ratio of acoustic power output to electric power input. Figure 1 shows a typical efficiency vs. frequency plot for one of our I MHz transducers; higherfrequency units are similar. Measured efficiencies are in close agreement with theory.
Beam patterns were also measured for the transducers. Figure 2 shows longitudinal (~) and transvemes lices through the acoustic focal region for a 2,0 MHz transducer (See item 3 in Table 1 ). A needle hydrophore with a 0.6 mm active diameter (Dapco) was used to acquire the beamplots. The beam measured patterns are in close agreement with theoretical predictions.
A variety of acoustic coupling systems were evaluated. For extracorporeal applications, a flexible, water-filled coupling bolus made from a thin polyurethane membrane was used. For surgical applications, access and visibility are highly important, so a minimally intrusive, water-filled conical coupling system was used. Acoustic coupling remains art active area of investigation as new potential clinical applications are explored. 
